The packing interactions have been evaluated in the context of the self-assembly mechanism of crystal growth and also for its impacts on the aromaticity of the trimesate anion. The structure of ethylammonium trimesate hydrate (1) measured at 100 K and a charge density model, derived in part from theoretical structures, is reported. Theoretical structure factors were obtained from the geometry-optimized periodic wave function. The trimesic acid portion of 1 is fully deprotonated and participates in a variety hydrogen bonding motifs. Topological analysis of the charge density model reveals the most significant packing interactions and is then compared to a complementary analysis performed by the Hirshfeld surface method. The results presented herein demonstrate that in organic salt crystals the small structural motifs are most stable and once formed as stand-alone structures, may direct the self-assembly process. Moreover, when intermolecular interactions supported by the electrostatic forces are analyzed, the care must be taken with interpretation of the results of Hirshfeld surface analysis for organic salts crystals.
Introduction
Rational design of new materials with tailored properties and predictable structures tends to rely on the formation of hydrogen bonds, and as a consequence of this, certain functional groups serve as supramolecular synthons between molecules and/or ions in the solid state [1] . Crystals composed of salts of carboxylic acids and amines are prototypical examples of the application of such functional groups wherein the resulting crystal structures are stabilized by ionic interactions accompanied by strong hydrogen bonds. Furthermore, organic salts are useful supramolecular synthons owing to several advantageous features, such as strong, charge-assisted hydrogen bonding mediated by proton transfer, clear directionality, and a wide variety of possible cation-anion combinations [2] . Carboxylic acids, protonated or in the anionic form, often form dimeric structures or in the case of dicarboxylic acids, repeating chains. Hydrogen bonding in these systems is usually strong, and therefore, organic acids are excellent building units for the rational design of supramolecular structures [3, 4] . Strong N-H...O hydrogen bonds are observed in the crystals of carboxylic acid/amine salts and are the primary force directing the resulting solid-state structure [5, 6] . In this context, it is interesting to consider the impact of the solid-state structure on other chemical properties. For example, intermolecular interactions in the solid state may perturb π-electron delocalization (aromaticity) in the case of aromatic carboxylic acids (and/or) amines. The influence of hydrogen bonding on aromaticity is the subject of recent publications devoted to purine and adenine tautomers [7, 8] , cytosine [9] , supramolecular polymers, and squaramides [10] . These reports suggest that hydrogen bonding may lead to substantial changes in aromaticity, on the basis of variations in calculated aromaticity indices.
The crystal structures of trimesic acid/amine complexes reported in the Cambridge Structural Database (CSD) manifest in several general arrangements [11] . In most crystal structures, trimesic acid takes the form of mono-and tri-anions (about 40 and 39%, respectively), while the di-anion is Electronic supplementary material The online version of this article (https://doi.org/10.1007/s11224-017-1060-6) contains supplementary material, which is available to authorized users. observed in the remaining 21% structures. In the structures of these salts, the carboxylate groups are slightly twisted with respect to the C 6 plane.
Herein, we report experimental and theoretical studies of ethylammonium trimesate hydrate (1) and discuss the strength of interactions between the anionic and cationic sublattices, which are representative of supramolecular synthons. Estimated intermolecular interaction energies were derived from topological analysis of the total experimental electron density distribution as determined from the charge density model of the experimental XRD structure, augmented in part from refinement against theoretical structure factors. Calculated descriptors of π-electron delocalization for structures of the trimesate anion in a shrouding of supramolecular synthons (and without) are also discussed. While there are several methods for evaluating aromaticity, we limit our discussions to the Harmonic Oscillator Model of Aromaticity (HOMA), Nucleus Independent Chemical Shift (NICS) indices and para-delocalization index (PDI) [12] [13] [14] [15] [16] .
Experimental
Crystals of 1 were prepared by slow evaporation at room temperature from a mixture of trimesic acid and ethylamine (1:3) in ethanol. Single crystals were selected directly from the mother liquor. The experimental data were obtained on a CCD Xcalibur diffractometer (graphite monochromator, MoK α radiation, λ = 0.71073 Å) at 100.0(1) K. Corrections to the Lorentz and polarization factors were applied to reflection intensities. Data collection: CrysAlis CCD (2008) cell refinement: CrysAlis RED [17] data reduction: CrysAlis RED [17] . All non-hydrogen atoms were located from difference Fourier synthesis and refined by least squares in the full-matrix anisotropic approximation as implemented in SHELXL14 [18] . Hydrogen atoms were determined geometrically and refined with isotropic temperature factors of 1.2 times the U eq value of the parent atom. The positions of hydrogen atoms have been refined freely in the multipolar model.
Structure drawings were prepared with the SHELXTL program [18] .
Theoretical charge density
The multipolar parameters of the charge density model were derived from theoretical structure factors obtained from periodic wave functions. The procedure has been described in details by Gajda and co-workers [19] . In principal, the strategy consists of four steps: (I) obtain theoretical structure factors from periodic quantum-mechanical calculations; (II) standard multipolar model refinement against theoretical structure factors with molecular geometry obtained in the first step (at this stage atomic coordinates and thermal displacement parameters were not refined); (III) transfer of the theoretical multipolar parameters to the original spherical model; and (IV) refinement of the atomic coordinates and thermal displacement parameters against experimental structure factors with fixed (i.e., transferred) multipolar parameters (final multipolar refinement). Periodic quantum calculations were performed using CRYSTAL09 [20] . The molecular structure observed experimentally in the crystal was used as a starting geometry; optimization was performed with the density functional theory (DFT) method [21] , with the B3LYP hybrid functional and the 6-31G(d,p) basis set [22] . Upon convergence on energy (~10 −6 ), the periodic wave function based on the optimized geometry was obtained. The option XFAC was used to generate a unique set of theoretical structure factors (up to 1.2 Å −1
) from the computed wave functions. The electron density refinements were performed in the MoPro software suite [23, 24] using the multipolar atom formalism [25] . The multipolar method allows modeling of the nonspherical part of the atomic electron density using atomcentered multipole functions:
P v is the valence population parameter and gives an estimation of the net atomic charge q = N v -P v , where N v is the number of valence electrons for the neutral atom. The y lm± terms are spherical harmonic functions, the R l terms are Slater-type radial functions, and the scalars P lm± are the multipole populations. The coefficients κ s and κ l describe the contraction-expansion for the spherical and multipolar valence densities, respectively. Further refinement details and results are deposited in the supplementary material (Table S1 ). The positional and isotropic displacement parameters for hydrogen atoms were refined freely.
DFT calculations
Calculations were performed on the trimesate trianion by DFT methods [21] (B3LYP/6-311++G(2d,2p) [22] with no imaginary frequencies using the GAUSSIAN09 program package [26] . Calculations were performed on a system composed of the trimesate trianion, eight ethylammonium cations and two water molecules (taken from the solid-state structure). The calculations were constrained to have frozen donor-acceptor distances, in order to estimate the influence of strong intermolecular N-H…O and O-H…O hydrogen bonds on the aromaticity of the trimesate anion. All calculations were performed using the GAUSSIAN09 program package [26] .
Aromaticity indices
The harmonic oscillator model of aromaticity (HOMA) is a popular method for the quantitative determination of π-electron delocalization (aromaticity) in cyclic compounds. In this scheme, aromaticity is estimated based on geometrical criterion, namely that bond lengths in aromatic systems are between the typical distances for canonical single and double bonds. The HOMA index is defined as follows:
where n is the number of bonds in the cycle; α is a normalization constant (for CC bonds α = 257.7 Å −2
) chosen such that HOMA = 0 for a model non-aromatic system, e.g., Kekulé structure of benzene and HOMA = 1 for the system with all bonds equal to the optimal value R opt (for CC bonds R opt is 1.388 Å); and R i is the bond length for bond I [27] [28] [29] [30] [31] .
The magnetism-based aromaticity index NICS(0) (Nucleus Independent Chemical Shift) [32] and its modifications, NICS(1) and NICS(1)zz [33] are calculated as the negative values of the shielding constant of a ghost atom located at the centroid of a ring system. The NICS(1) values are calculated at a point located 1 Å above the ring and the NICS(1)zz is the zz component of the shielding tensor, where z is the axis perpendicular to the molecular plane. NICS(1)zz is, at present, the recommended [34] [35] [36] variant of the original NICS index and was used in this study. Calculations of the NICS indices were performed at the B3LYP/6-311++G(2d,2p) level of theory.
The degree of π-electron delocalization can be also quantified from the perspective of Bader's 'Atoms in Molecules' (AIM) [37, 38] theory by using the delocalization index (DI), denoted as δ(A,B), which is obtained by double integration of the exchange-correlation density over the basins of atoms A and B (basins are defined by the zero-flux gradient surface in electron density, ρ(r)):
The delocalization index δ(A,B) provides an estimate of the number of electrons delocalized (or shared) between atoms A and B [39, 40] . Recently, the para-delocalization index (PDI) [13] was described as an improved measure of aromaticity based on electron delocalization, where the PDI is the average of all DI for para-related carbons in a given sixmembered ring. The PDI value has been shown [13] to correlate satisfactorily with the NICS, HOMA, and magnetic susceptibilities methods for estimating aromaticity within a series of planar hydrocarbons. In this context, it is worth noting that increasing aromaticity is associated with increasing PDI and HOMA indices, while the absolute value of NICS indices also increases.
Results and discussion
The result of a traditional structure measurement, which is derived from a spherical atom model, can be improved by the use of transferred multipolar charge density parameters (transferred multipolar populations have been deposited in Supplementary Material in Table S2 ). The transfer of multipole parameters, obtained by refinement against theoretical structure factors, has been proven to enhance the accuracy of the final model beyond simply improving statistical refinement indices [19, 41] . The impact is manifest in improved X-H distances and anisotropic thermal parameters (as well rigid-body behavior of the molecules), which are crucial when hydrogen bonds need to be investigated carefully. In the present case, the residual factor R(F) was dropped from 3.301 to 1.804% indicating ca. 45% improvement. The average B factor was decreased from 2.584 to 2.380 for the multipolar model. Moreover, the rigid-bond test confirms that the anisotropic thermal displacement parameters account only for dynamic and static disorder, and are physically realistic [42] . The general idea of the rigid-bond test is to analyze the differences between the r.m.s. (root mean square) displacements along the bond vectors between neighboring atoms, ΔZ
2
. The discrepancy should be small and ideally less than 10 −3 Å 2 [42] . For the present case, the average |ΔZ ) and confirms that the result of refinement with transferred multipolar parameters is physically reasonable and that the thermal vibration parameters are properly described.
Ethylammonium trimesate (benzene-1,3,5-tricarboxylate) monohydrate (1) (Fig. 1 ) crystallizes with three ethylammonium cations, a trimesate anion and one water molecule in the asymmetric unit. The total charge density obtained from multipolar refinement against theoretical structure factors has been analyzed within the framework of the AIM quantum theory [37] . The main topological parameters of the intramolecular (covalent) interactions are reported in Table S3 (supplementary material). The properties measured at the bond critical points (BCP's) are consistent and are in typical ranges. Furthermore, the deformation density maps exhibit the expected features (Fig. 2) . The deformation maps also reveal polarization of the C-N and C-O bonds in the direction of the N and C atom, respectively. The electron lone pairs (L p ) of the oxygen atoms are clearly visible, with the C-O-L p angle close to 90°, while the expected value for an idealized sp 2 hybridized atom is 120°. This appears to be due the resonance effect with the neighboring C atom and electrostatic repulsion between lone pairs. While the trimesate trianion is nearly planar, the three carboxylate groups are each twisted slightly out of the plane of the aromatic ring. On average the twist angle is small, with individual twist angles of 3.7(2)°, 4.4(2)°, and 6.2(3)°r espectively for the carboxylate groups of C7, C8, and C9 (Table S4 , supplementary material). The twist angle of the carboxylate group(s) may influence the relative amount of conjugation between the aromatic system and the carboxylate groups. This can be noted when the C ar -COO -bond lengths are taken into account. The difference between C ar -COO -bond lengths for the least and most twisted carboxylate group amounts to 0.0071(6) Å (1.51054(4) Å vs. 1.5083(4) Å) (Tables S3 and S4 , supplementary material). The difference is rather small; however, the trend is also manifest in both the topological bond order and Laplacian of electron density (∇ 2 ρ) at the BCP (n TOPO = 1.06, 1.05, 1.03; ∇ 2 ρ = − 13.18 e⋅Å , respectively, for C1-C7, C3-C8, and C5-C9 bonds). While it is tempting to interpret the observed trend in terms of the expected degree of π conjugation, the effect is very subtle and not significant enough to draw general conclusions.
The slight departure from planarity of the trimesic acid trianion is a consequence of the intermolecular interactions between the anionic carboxylate groups and the ethylammonium cations. These fragments are connected to each other by strong N-H…O hydrogen bonding and accompanying electrostatic interactions.
The trimesate carboxylate groups participate in different hydrogen bonding interactions both in quantity and type (Tables 1 and 2 ). Those formed with the ethylammonium cations are very strong, with N-H…O angles of about 170 o and small donor-acceptor distances. The interaction energy can be estimated from the critical point properties using following the equation and provides reasonable estimates of the dissociation energy (D e ):
where a o is the Bohr radius and V CP is the value of the potential energy at the CP [43] . The two strongest intermolecular interactions (D e = 58.9 and 55.1 kJ mol −1 ) are formed between cations and the C9 carboxylate group (C9O5O6), which is also the most twisted carboxylate group. The C8 carboxylate group (C8O3O4) participates in three strong N-H…O hydrogen bonds (D e = 54.4, 40.8, and 33.7 kJ mol ) between the ethylammonium cations and one O-H…O interaction with the water molecule.
Self-assembly mechanism
In the structure of 1, three carboxylate groups as well as the ethylammonium cations and water molecules can participate in the formation of two different types of basic supramolecular synthons (0-D dimers and 1-D chains). In either case, self-assembly is driven by strong O-H...O and N-H...O hydrogen bonds. Geometrical analysis revealed that all of the carboxylate groups in 1 are engaged in hydrogen bonds as acceptors with ethylammonium cations as donors (Table 2) , while the water molecules participate as both donors and acceptors. Numerous hydrogen-bonding motifs stabilize the packing of 1 in the solid state and these motifs can be classified in the context of their graph-set representations, which provides a systematic way of describing and categorizing such patterns [44, 45] . In this context, a graph-set representation of some hydrogen-bonding motif is specified as G a d r ð Þ, where G denotes the basic pattern (e.g., ring, R; chain, C), a and d are the number of acceptors and donors, respectively, and r is the degree of the motif (number of atoms in the case of a ring).
Two 0-D dimers are found in the structure of 1 and form simple supramolecular aggregates belonging to the R 2 2 (8) and R 4 4 (8) graph sets (S1 and S2, respectively) (Fig. 3) . The complete S1 and S2 synthon structures are generated by an inversion center. The S1 ring is perfectly planar (Fig. 3a) while the S2 ring adopts a pseudo-chair conformation (Fig. 3b) and differs from the S1 synthon by the participation of two additional water molecules in S2.
The estimated Cumulative Dissociation Energy (eCDE), derived from the complete topological analysis of the charge density of 1, can be used to characterize the various synthons. The eCDE as a synthons descriptor has been previously defined and was developed in the context of the comparison between halogen-based synthons (Hal = Cl, Br), and between halogen and hydrogen bonds by Brezgunova and co-workers [46] . The eCDE for S1 amounts to 197.1 kJ mol −1 and represents the highest value among all aggregates observed in 1. Addition of two molecules of water to the S1 synthon results in the formation of synthon S2, resulting in a significantly decreased eCDE (125.3 kJ mol −1
; Table 3 ). The second type of synthon prominent in the packing of 1 is 1D chain, and form five-membered pseudo rings. Both of these synthons, denoted as S3 and S4, belong to the R 3 2 (10) graph set (Fig. 4) . The geometries of S3 and S4 are almost identical (Fig. 5) with the exception of substitution of an ethylammonium cation in S3 with a water molecule in S4.
Here again, the inclusion of water in the S4 structure produces a decrease in the eCDE relative to S3 (ΔeCDE = 24.1 kJ mol
−1
). From this vantage point, it is clear that electrostatic interactions strongly modulate the eCDE (stability) of the supramolecular motifs observed in 1 and suggests that such considerations are of crucial importance to the rational design of supramolecular architectures.
As noted previously for halogen-based synthons [46] , it becomes apparent that the eCDE values may be of use to categorize the packing motifs of importance to self-assembly. For example, synthons may be considered as primary units (secondary, tertiary, etc.) with respect to the assembly process. In other words, motifs with a higher eCDE should be most robust and favored in the solid state. Indeed, the CSD (Cambridge Structural Database, ver. 1.19, 5.38 Nov 2016 + updates) [11] has revealed that the number of synthon occurrences for motifs S1-S4 follows the same trend as the eCDEs. The S1 synthon (highest eCDE value) occurs in 851 structures, while S2 (lowest eCDE) appears in only 8 unique entries (18 entries in the hit list). Occurrences of an S2 like synthon increase to to 21 unique records (41 records in the hit list) upon replacement of the water molecule with a hydroxyl (-OH) group. The comparison of the eCDEs and CSD occurrences (Fig. 6) shows clearly the correlation between these data.
The most stable and abundant units will then link together in more complex, but less energetically stable supramolecular units. From a structural point of view, 0D ought to be more preferential than 1D or 2D or structures; however, the energetic impact cannot be neglected. Of the motifs present in 1, the eCDE values suggest that the S1 synthon should be privileged in the self-assembly mechanism and, once formed, should be the most stable structure. The second 0D synthon, S2, has the lowest eCDE and is most likely assembled following growth of the more stable S1, S3, and S4 supramolecular structures.
The non-covalent interactions can be further characterized in terms of the estimated electronic kinetic and potential energies at the bond critical point, as demonstrated previously [46] . The ratio of these energies 〈| V| /G〉 provides an indicator for the flavor of the interaction; closed-shell (|V | /G < 1), pure shared-shell |V | /G > 2), and intermediate interactions between electronic states (1 < |V | /G < 2) [47] . In this context, we note that the intermolecular interactions in the 
Hirshfeld surface vs. dissociation energy analysis
As a complement to the topological (AIM) analyses that have been described above and summarized in the supporting information (see Table S5 ), we have also analyzed all interactions in the crystal by the Hirshfeld surfaces method [48] . Calculated Hirshfeld surfaces are depicted in Fig. 7a-d (for synthons arrangements S1 through S4) and a graphical representation of the AIM analysis (BCP's and bond paths) is depicted in Fig. 7e , including hydrogen bonds and short contacts (i.e., contacts shorter than vdW distances). In general, the Hirshfeld surfaces and the positions of the AIM critical points exhibit comparable features; there is, however, disagreement between the methods with respect to the lowest energy interactions.
With this in mind, a comparison of the relative importance of the packing interactions as determined by the Hirshfeld surfaces method and the AIM based method (estimated cumulative dissociation energy) is presented in Fig. 8 . Both methods agree that the most important packing interactions involve hydrogen atoms; over 90% of the Hirshfeld surface area and eCDEs are due to O…H, H…H or C…H contacts. Surprisingly, the relative importance of these interactions is quite different depending on the chosen method. For example, the two methods disagree on the relative importance of C...H interactions. The Hirshfeld surface method estimates that C...H interactions are responsible for~15% of the total interaction energy while the same interactions represent only~2% of the total eCDE produced by the AIM based method. 
), and eCDE (kJ mol
) are calculated as the sum over the pairwise interactions building the synthon, while |V|/G is taken as an average of the corresponding parameters at CP Similarly, the H…H contacts appear to be more significant from the viewpoint of the Hirshfeld surface method (~20% for Hirshfeld surface vs.~5% of eCDE). On the other hand, the O…H interactions appear to be less significant when analyzed by the Hirshfeld surface area method (56% for Hirshfeld surface vs. 91% of eCDE). Surprisingly, the Hirshfeld surface analysis of 1 suggests that weak contacts (C…H and H…H,3 5% of total Hirshfeld surface area) have more significant contribution to the crystal packing than expected as compared to the strong N-H…O and O-H…O interactions (~55% of total Hirshfeld surface area). This discrepancy is systematic and from the treatment of the promolecule in the Hirshfeld surface method, which is based on neutral atom electron densities. On the other hand, electrostatic (δ + …δ − ) contributions to the interactions are properly accounted for in the AIM approach. Such deficiency in the Hirshfeld method has been discussed previously in the case of the ionic salt NaCl. In this light, we further recommend caution when interpreting the results of Hirshfeld surface analysis in organic crystals where electrostatic interactions are significant.
The remaining weak interactions have a relatively small influence on crystal packing and do not merit detailed discussion other than to note that their relative importance is also estimated to be more significant by the Hirshfeld surface method.
Aromaticity
The hydrogen-bonding network around the trimesate anion is complex and it is worth considering what, if any, is the influence on the aromaticity of the C 6 ring. The aromaticity in the trimesate anion ought to be primarily influenced by two competing phenomena. One of these is connected with the relative twisting of the π-electron-withdrawing carboxylate groups, which is of course a consequence of the packing environment, and should increase delocalization in the system. The second effect is the presence of Resonance-Assisted Hydrogen Bonds (RAHBs), which are known to decrease the aromaticity of the adjusted phenyl ring, due to strong interrelation between the π-electron delocalization and the strength of the hydrogen bonds which form the RAHB rings. These phenomena are well known and have been described extensively elsewhere [31, 49, 50] . At first glance, it seems reasonable that the rather small twist angle of the carboxylate groups is stabilized due to intramolecular C-H…O interactions, forming a fivemembered ring. The geometry criterion for H-bonds suggests that each carboxylate group could participate in (up to) two of these interactions, which are classified as RAHBs [49] . Surprisingly, the presence of these H-bonding interactions could not be confirmed from the total charge density following topological analysis. Moreover, the presence of such interactions (i.e., a bond critical point) could not be confirmed in the case of the purely theoretical dataset either. On this basis, it is unlikely that there is any significant intramolecular hydrogen bonding for the trimesate anion in 1 as a BCP ought to be present in the total charge density were there any interaction present [51] . For these reasons, the presence of RAHBs and its influence on aromaticity will not be considered further.
In our study, we have employed five aromaticity indices, i.e., geometry-based HOMA model, the magnetism-based NICS, NICS(1), NICS(1)zz, and the PDI, which is based on electron delocalization. Evaluating the relative aromatic character requires a reference compound, and for this reason, the HOMA value of benzene is defined to be 0.996. The HOMA value for the C 6 ring in 1 amounts to 0.993 for the experimental structure, reflecting slightly decreased aromaticity relative to benzene. In order to probe the impact of twist angle and local environment, we have carried out theoretical calculations at various geometries and the results of which will be described shortly.
The aromaticity indices were used for four theoretical models (Table 4) : as mentioned before for benzene ring (C 6 H 6 ); for isolated trimesate anion with planar conformation (model I), for isolated trimesate anion with frozen torsion angles around the carboxylate groups as observed in the crystal structure (model II), and for the trimesate anion [geometry (II)] participating in N-H...O and O-H… O type hydrogen bonds (model III). All three models were geometry optimized and frequency analysis was done to confirm minimum. Results of these calculations (Table 4) indicate that aromaticity is not affected by the small twist angle of the carboxylate groups (comparing models I and II). Meaningful changes in the aromaticity indices [HOMA, NICS(0), NICS(1), NICS(1)zz, and PDI] are observed when the carboxylate groups participate in intermolecular hydrogen bonding (model III). This effect has been previously observed in the structure of 4,4′-(diazenediyl)dibenzoate [52] wherein the carbonyl oxygen atom of an ester group participates in hydrogen bonding to surrounding molecules. In the present case, hydrogen bonding to the carboxylate oxygen atoms slightly reduces the electron withdrawing ability of the carboxylate group and therefore reduces conjugation with the aromatic ring. Accordingly, the HOMA, NICS(0), and NICS(1) indices reflect increased aromaticity in model III relative to models I or II (Table 4) ; however, the opposite is observed for the PDI and NICS(1)zz indices. As previously noted, the intramolecular C-H…O hydrogen bonds are, at most, very weak, therefore their influence on aromaticity ought to be negligible. The geometry-based HOMA model shows variations across the models resulting from slight bond length asymmetries across the models and should reflect π-electron perturbations caused by substituent effects. Undoubtedly, the NICS index, and its variants, is more sensitive than the HOMA model. The NICS(0) and NICS(1) indices both indicate increased aromaticity (more negative value) for model III relative to models I or II. However, the value of NICS(1)zz and PDI for model III demonstrates an opposite effect, a decrease of aromaticity in the presence of strong intermolecular N-H…O and O-H…O hydrogen bonds. Therefore, it appears that these different indices are conveying information about quite different physical phenomena [53] and should be taken with cousion [54] . The HOMA index when compared to other aromaticity indices occasionally disclose discrepancies attributed to the problems (parameterization or arbitrary choice of the reference system), which should not be ignored [55] . The NICS(0) and NICS(1) indices better reflect changes in both s-and p-electron structures, while the NICS(1)zz index and PDI reflect p-delocalization.
Conclusion
A traditional structure refinement of ethylammonium trimesate hydrate (1), based on a spherical atom model, was improved by the use of transferred multipolar charge density parameters derived from refinement against theoretical structure factors. The residual factor, R(F), was improved by ca. 45%, the average B factor was decreased from 2.584 to 2.380, and the rigid-bond test showed improvement by 49% for the final model. In the crystal structure, the carboxylate groups in 1 participate in a variety of hydrogen-bonding motifs and are representative of basic supramolecular synthons, belonging to the R The eCDE values indicate that the small S1 (R 2 2 (8) graph) motif is most stable and once formed as a stand-alone structure, may direct the selfassembly process. Further characterization of the interactions in this system by means of gas-phase reaction coordinate mapping and solution studies ought to prove useful in terms of judging the proposed hypothesis and the usefulness of selfassembly mechanisms deduced by the estimated cumulative dissociation energies of packing motifs.
Quantitative and qualitative analysis of the intermolecular interactions based on Hirshfeld surface analysis and the AIM derived dissociation energies has also been reported. It is interesting to note that qualitative picture is quite similar for either method but that the Hirshfeld surface method underestimates the importance of the strongest interactions, namely N + -H…O − and O-H…O − hydrogen bonds. This discrepancy results from the use of neutral atom electron densities to build the promolecule in the Hirshfeld surface analysis and neglects to properly account for interactions between charged groups/ atoms. These effects are, however, properly accounted for in the topological analysis of the total charge density. We have also sought to address the impact of geometry and packing on the aromaticity of the C 6 ring in 1. In this regard, interpretation of our results is less clear, as opposite trends were observed across the aromaticity indices employed in this work. This may be due in part to the fact that these various indices depend on different phenomenon (e.g., geometry and magnetic susceptibility) and may actually reflect different aspects of what is commonly referred to as aromaticity [54] . 
